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Background 
There is increasing evidence that our approach to development, including 
urban development, is not ecologically sustainable. 
Engineered services can both influence and impact on urban ecology. 
The engineered facility of an urban area is a product of a design process. 
Goal 
To discover how we can design our societies and its engineered services to 
achieve a much more sustainable fit with the ecosystems within which they 
are embedded. 
Assumption 
Urban ecology aims to achieve this goal 
The criteria we design to will effectively determine the ultimate "success" or 
"failure" of a facility. The present urban planning and design criteria that are 
commonly used in this country have evolved from the neo-classical economics 
model of self maximisation - that is, maximisation for those in our society with the 
greatest influence and of the dominant culture. For this model, the natural world 
was generally regarded as something to be dominated and exploited and as having 
inexhaustible resources for human needs and wants and an unlimited capacity to 
assimilate all our waste materials. We now realise that this model is not going to 
achieve sustainable living. Thus we need a new model as well as new (or 
additional) design criteria. 
Professional engineers influence the final design of urban facilities. They will 
determine what is physically possible (or feasible) and what is not physically 
possible. It is the engineer who designs roading and transport system, stormwater 
and sewage systems, water supply and communication networks, not to mention 
the buildings and all other major structures in the built environment. 
There is a growing and increasingly urgent voice from commentators urging the 
engineering profession to integrate their projects more closely with ecosystem 
conditions and processes (e.g., Beder 1998, Cortese 1999, Mitsch 1996, Moser 
1997, Roberts 1991, Schultz et al. 1996, Thom 1993, Wurth 1996). Some of these 
same authors are calling for a much closer interaction between ecologists and 
engineers. This will demand a cultural change for both disciplines. 
The science of ecology teaches that the human species is an integral part of 
ecosystems. Along with all other species humans are embedded in ecosystems. 
All components, including humans and their built environments, are interdependent 
neighbours. An ecosystem has been defined as - communities of interacting 
organisms and the physical environments in which they live (UNDP et al. 2000). 
Townsend et a1 (2000), make it clear that the abiotic environment is an essential 
component of an ecosystem when they define an ecosystem as the ... biological 
community together with the abiotic environment in which it is set. 
By definition we are of one interdependent community. Such interdependence 
demands mutual servicing; that is, it is not just about ecosystem providing services 
for human needs but also humans providing services for the benefit of ecosystems 
The critical importance of this interdependence between ecosystems and human 
development has very significant implications for the criteria we should use in 
designing and building the physical facilities that support our societies and 
particularly engineering design criteria. 
Many cultures effectively deny that humans are an integral part of an ecosystem. 
Their actions often demonstrate, in terms of both levels of relationship, that 
humans consider themselves separate from and outside ecosystems. For example 
what ecosystem training and education is given to engineers, architects, urban 
planners, technologists, tradespeople, farmers and natural resource managers and 
policy analysts? The fact that ecology is not a core subject in the curriculum for the 
training and educational courses for such disciplines, is a clear statement that we 
do not always take seriously what ecological science is saying about humans, and 
their built environments, being an integral part of local ecosystems. We require our 
multi-storey office block and apartment buildings, within which we work and live, to 
be designed by an experienced engineer with advanced training in behaviour and 
properties of structures and their components. We might equally expect that those 
whose policies and designs modify and impact on the ecosystems within which we 
live might have advanced knowledge and understanding of ecological systems. 
While it is important for our buildings and other engineered structures to be safe for 
human occupation and use, it is essential for the continued wellbeing of humanity 
that our ecosystems are healthy, safe and stable (UWDP 2000). 
Ecological engineering is a relatively new discipline in the western world that is 
attempting to provide a balance to the traditional technocentric and anthropocentric 
design criteria by including ecocentric design criteria. Ecological engineering 
specifically recognises that in our designs we need to mirror and live within the 
limits of natural systems. It is a discipline that supports, in practical terms, more 
sustainable use of the ecosystem services. 
Ecological Engineering covers a broad range of topics. The most ambitious 
ecological engineering project would probably be the Biosphere 2 projects (Mitsch 
1999). However most ecological engineering projects tend to have a more applied 
focus, offering solutions to real-world ecological problems, such as restoration of 
wetlands, designing motorways to minimise habitat fragmentation (Bohemen 
1998), renewable energy systems, ecological design and landscaping of waterways 
and stormwater systems (CCC 2000). For a more complete overview of the 
discipline of Ecological Engineering the reader is referred to the journal Ecological 
Engineering (Mitsch 1999) or the webpage of the International Ecological 
Engineering Society (IEES), http://www.iees.ch. Ecologically engineered 
wastewater systems for urban wastewater system have received much attention 
from the Ecological Engineering discipline and details of a number of case studies 
can be found in Dakers (2000). 
The sustained emission of "waste" into the natural environment is a very recent 
chapter.in the story of the Earth. "Waste" is not normal a product of nature's 
processes. One could argue that natural events such as flooding, earthquakes and 
volcanoes can release emissions (e.g. sediment, sulphur) that damage or destroy 
ecosystems. However there are very few, if any, natural processes that sustain 
(with an increasing trend) the release of ecologically damaging emissions as occurs 
with our modern industrial activities. 
Wastewater management and engineering is a good example of the need for 
change in our approach to engineering design. Over the past few centuries the way 
we have managed our wastes has clearly reflected our fundamental attitude to 
resources and nature. Natural resources, such as water, have been seen as 
unlimited and safe and nature was considered to have unlimited capacity to 
assimilate the matter we decided was worthless and should be discarded into "the 
environment". Our present culture of technological development, infrastructure and 
urban design evolved from this mindset. Wastewater and stormwater is put it in a 
pipe, treated with technology and then piped, with all its cocktail of added toxic 
contaminants, further from our civilised, sanitised society, out to sea - out of site out 
of mind. 
Ecological engineering takes a distinctly different approach, the rationale of which 
is to achieve a more sustainable lifestyle through urban designs that are 
ecologically and socially integrated. Ecological integration can be achieved by 
emulating the natural ecological cycles with respect to water, nutrients and other 
elements. Social integration can be achieved by fostering self-learning and 
behaviour modification, and adaptation to the consequences of the actions we are 
responsible for. A wastewater management system that is designed to not only 
emulate ecological processes but also to clearly confront the producers of the 
waste with consequences of their wasteful activities, is much more likely to evolve 
towards sustainability than technological systems that do neither. Designing 
engineered urban services as part of an ecosystem provides a tool to understand 
complex relations between human activities and the environment, and how self- 
learning and hence self-organization can be integrated into urban design to meet 
both social needs and benefit the environment. 
In addition to wastewater and stormwater services there are a number of other 
engineered urban services such as roading and transport system, pathways and 
parking facilities, water supply and communication networks. It clearly will not 
always be possible to integrate these fully with the natural environment thus 
mitigation and compensation measures must be considered. 
A procedure for identifying the appropriate design criteria is recommended 
as follows: 
ldentify the ecosystem and its services 
ldentify opportunities for integration with other services and urban activities 
lderitify the impacts of services both during construction and operation 
ldentify possible mitigation or compensation strategies 
ldentify indicators for impact and success - monitoring plan 
Build in self-learning and adaptive management opportunities. 
While it is increasingly important for engineers to be more ecologically aware, it is 
likely to be more efficient if the process of urban design and planning engaged an 
appropriate interdisciplinary approach. 
Fig. 1. Players in Urban Design 
The various players in the process of developing the urban environment are 
illustrated in Figure 1. Scientists (including the social and economic sciences) and 
technologists are just one of several players. Designers are key players in 
translating and applying the knowledge and understanding discovered by scientists, 
the technologies developed by technologists and the aspirations and needs of the 
community (reflected, hopefully, in policy). To achieve a sustainable society the 
various players need to work together and agree on common criteria for the design 
of their society. This begs the question of whether the different disciplines and 
players have the appropriate culture to enable them to work together as part of 
what the UNDP report (UNDP 2000) refers to as the "ecosystems approach" - a 
holistic rather than a sectoral approach. 
Figure 1 suggests that sustainable development may be achieved through enabling 
strong links (as illustrated in Figure 1) between community (which should also 
include the non-human community) and the setting of criteria for design of the built 
environment, through feedback and self-learning processes, served through 
interdisciplinary team with a common focus. 
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